It has been known that the synthesis of cellulolytic enzymes in microorganisms is regulated by induction and repression system 1 . Cellulase of most microbes is strongly induced by cellulose or the compounds related to its hydrolytic products 2 and repressed by readily metabolizable carbon sources such as glucose 3 . However, the exact role of a compound to act as an inducer or a repressor varies from organism to organism. Cellobiose is a strong inducer in Neurospora crassa 4 and Sporotrichum pulverulentum 1 but it is a relatively poor inducer in Trichoderma ressei 5 when compared with saphorose. In cellulose-producing microbes, cellulose is a common inducer of cellulase formation [6] [7] . Since cellulose is insoluble and impermeable to organism's soluble oligosaccharides such as cellobiose, lactose or saphorose is considered to act as a direct inducer of cellulase [8] [9] [10] [11] . Of these oligosaccharides, cellobiose is a common product formed from cellulose by exo-cellobiohydrolase and is considered to be a natural inducer 12 . Cellobiose octaacetate was found to be solubilized by acetyl esterase secreted into the culture broth 13 and the hydrolysate consisting of a series of acetylcellobioses including mono-, di-, tri-O-acetylcellobioses could stimulate cellulase induction 14 . In this study, cellulose production by an actinomycete isolate, Streptomyces albolongus A 5 , was investigated using cellobiose octaacetate (COA) as an inducer for cellulose biosynthesis.
However, the exact role of a compound to act as an inducer or a repressor varies from organism to organism. Cellobiose is a strong inducer in Neurospora crassa 4 and Sporotrichum pulverulentum 1 but it is a relatively poor inducer in Trichoderma ressei 5 when compared with saphorose. In cellulose-producing microbes, cellulose is a common inducer of cellulase formation [6] [7] . Since cellulose is insoluble and impermeable to organism's soluble oligosaccharides such as cellobiose, lactose or saphorose is considered to act as a direct inducer of cellulase [8] [9] [10] [11] . Of these oligosaccharides, cellobiose is a common product formed from cellulose by exo-cellobiohydrolase and is considered to be a natural inducer 12 . Cellobiose octaacetate was found to be solubilized by acetyl esterase secreted into the culture broth 13 and the hydrolysate consisting of a series of acetylcellobioses including mono-, di-, tri-O-acetylcellobioses could stimulate cellulase induction 14 . In this study, cellulose production by an actinomycete isolate, Streptomyces albolongus A 5 , was investigated using cellobiose octaacetate (COA) as an inducer for cellulose biosynthesis.
Streptomyces albolongus A 5 was isolated from saw dust on selective cellulolytic medium and identified using standard procedure 15 . Unless otherwise stated, cellulase production was carried out in shake-flask cultures in Winstead's medium with an initial pH 6.5 containing 1.2% carboxymethylcellulose (CMC) with or without supplementation of 0.6% cellobiose octaacetate (COA) at 35°C for 5 days. After incubation, the culture filtrates were centrifuged to remove cells and other solids and the clear culture supernatants were used for enzyme assay and other analyses. Reducing sugar in the culture filtrates and the enzyme assay mixtures was estimated by using Nelson's modification of Somogyi method 16 using glucose as standard. Soluble protein in culture filtrates was estimated following the method described by Lowry et al. 17 . The absorbance was read at 650 nm. Culture filtrates obtained by growing the organism on CMC medium was used for estimation of the degree of saccharification (%) using the following equation: Degree of saccharification (%) = Reducing sugar (mg/ ml) / Substrate concentration (mg/ml) x 100.
Carbooxymethylcellulase (CMCase) activity was determined by mixing 2 ml of culture supernatant to 2 ml substrate (1%CMC in phosphate buffer, pH 6.5), 1 ml of phosphate buffer and incubating the reaction mixture at 35°C for 2 h. Filter paper cellulase (FPase) was measured by incubating 2 ml of culture supernatant in 1 ml of phosphate buffer (pH 6.5) containing 50 mg Whatman No. 1 filter paper strip (1 x 6 cm) in a test tube. The reaction mixture was incubated at 35°C for 2 h. For determination of avicelase and β-glucosidase activities, 1% avicel and 1% salicin in phosphate buffer (pH 6.5) respectively were used as substrates. The amount of reducing sugars released, as glucose equivalents, in the enzyme reactions for CMCase, FPase, avicelase, or β-glucosidase assay was measured by Nelson-Somogyi method 16 . Enzyme activity was expressed in terms of the amount of glucose released in mg/ml by the action of the crude enzyme on the respective substrates per hour according to Mahadevan and Sridhar 18 .
The effect of medium pH and incubation temperature on liquefaction of CMC in Winstead's medium by Streptomyces albolongus A 5 isolate was studied. Maximum liquefaction was observed in the culture media with initial pH between 6.5 and 7.5. High liquefaction at pH 6.5 to 7.5 was also reported by several investigators [19] [20] [21] [22] . The liquefaction was more pronounced at pH 5.5 when the CMC medium was supplemented with 0.6% cellobiose-octaacetate (COA). This indicates that COA acts as an inducer of cellulase in this organism. The isolate showed highest liquefaction at temperature between 35° and 40°C. Similar result was reported by other investigators using mesophilic organisms [19] [20] 22 . Table 1 shows the effect of various nitrogen sources in Winstead's medium containing 1.2% CMC as substrate and COA as an inducer. Beef extract was found to be the best nitrogen source for production of CMCase and the enzyme activity was greatly enhanced in presence of the inducer COA (136.7 unit/ml vs. 154.7 unit/ml). Reducing sugar and soluble protein released as well as the degree of saccharification were highest in the medium containing beef extract, which was followed next by asparagines. In every case higher values were observed in the medium supplemented with COA.
The effect of various cellulosic substrates on productions of extracellular cellulase, soluble protein, reducing sugar, and degree of saccharification is summarized in Table 2 . Among the substrates used CMC supported good growth and maximum CMCase (120.2 unit/ml) production by the organisms. CMCase activity was about 4-fold lower in the medium containing avicel or filter paper as substrate. The levels of reducing sugar, soluble protein and degree of saccharification were also highest on the CMC-containing medium. Other than CMCase activity, the organism produced appreciable levels of other cellulase activities like FPase (46.9 unit/ml), avicelase (49.2 unit/ml) and β-glucosidase (36.8 unit/ml) ( Table 3) . The organism was grown in shake-flask culture in Winstead's medium with an initial pH 6.5 containing 1.2% carboxymethylcellulose (CMC) with or without supplementation of 0.6% cellobiose octaacetate (COA) at 35°C for 5 days. a One unit of the enzyme activity was defined as the amount of enzyme required to release glucose equivalents (in mg/ml) in 1 h under the defined conditions. CMCase = Carboxymethylcellulase; ( The organism was grown in shake-flask culture in Winstead's medium with an initial pH 6.5 containing 1.2% carbon source at 35°C for 5 days. a One unit of the enzyme activity was defined as the amount of enzyme required to release glucose equivalents (in mg/ml) in 1 h under the defined conditions. CMCase = Carboxymethylcellulase; COA = Cellobiose octaacetate The organism was grown in shake-flask culture in Winstead's medium with an initial pH 6.5 containing 1.2% carboxymethly cellulose (CMC) and 0.2% beef extract with or without supplementation of 0.2% cellobiose octaacetate (COA) at 35°C for 5 days. a One unit of the enzyme activity was defined as the amount of enzyme required to release glucose equivalents (in mg/ml) in 1 h under the defined conditions.
In this study, it was observed that, regardless of the substrate used, the enzyme production was enhanced to some extent in the presence of the inducer COA. Inductive formation of cellulolytic enzymes by microorganisms has been reported by many workers [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] 23 . However, there is little of information available on the inductive synthesis of cellulase by COA. Recently, Nipa et al. 24 reported that COA is an active inducer of cellulase (CMCase) from filamentous mesophilic fungus Aspergillus humicola. Therefore, it can be assume that COA acts as an inducer of cellulase both in prokaryotic and eukaryotic organisms.
